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Problem Number One - Reliability
by
A, I, Berg
The opinion prevails, that the more complex an cbject is (as if a fully valid

rule) the less reliable it should be, Unfortunately, we have quite a number of such
thinkers, supervisoars of inﬁustrial- enterprises, who, manufacture low quality roller
bearings, electric and gas counters, automatic machines etc., insistently spread this
opinion among the peoples
. The wost curious thing of all, that these very same high hoaded superviscrs are
sincerely convinced, that it is just as they are thinking and no other way,They reason
approximately so. The guarantee of faultless operation of one detail, let us say,
equals 0,95 (95%). But if the unit has ten such details, then according to the theory
of probability the reliability of the unit as a whole will be equal already to this
coefficient, multiplied in itself ten times, 1.e.o.951° = 0,6, And if there a hundred
details ! and if a thousand '

I suggest to all those, who developed a mathematical sense, to calcylate, at
what number of details in our cxample the reliability asmounts to 1% This will mean
that in such a case only one person of a hundred has chances of buying, let us assume,

a reliable electric counter, Ninetynine persons will curse “technology® and its
screators® because the purchased counters will practically not operate,

And all because of the ccmpucafion of the cetails! because of th: desire of ime
proving the detail !

Fortunately, the case is generally differnt, Otherwise we would have no,in parti-
cular, the remarkable successes in mmstering outer speace. But any one laborer of industr,

should constantly think about the mentioned denger. It is the present Demccles sword
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over modern technical prozrezs. If it would be so, as other indusrtrial leaders are
thinking, then would have reason to dream (visualize)...about a stone axs. Its
reliability would be a value close to 100%, A primitive person has not been concerned
with tke pericd of guarantee,
If we do 'not clearly understand the entire extend of canger, the technique of
tomorrow may became obstructed, Frogroes may reach a "nstural® bouw.dery und stop

there.
Qiality should be Expressed by Quantity

la.y directives call for an iuprovezent in ;roduction quality. Thore ars elso in.
structions etout rlsnned iatroduction of new tecl.nique, But lascking are legitimte,
general indices for nunerical evaluatich of quality,
The develoment of science goes from qual itative evaluaticns to accurate,msthe.
matical,quantitative determinctions. At present time it is absolutely insufficient
to syeak about the fact, that production quality is beirg increased, better ete.
because this is just idle talk, Ju art and in literature, in music and estetics cen
be used terms ®*gcr.ater®, "smaller®, "higher®,"lover® ® more beautiful®,®umore complete °*,
*brighter®, "lighter®, ®louder", ® more interesting® etc, In science and technology
this is absolutely prohibfted. We chl&*like to outdistanc+merica not cnly gencrally,
but to cutdistance it with perfectly ccncrete quantitative characteristics. Amcag the
nunber of these characteristi{cs should figure also the production quality characteristic.
Who can think of a greater number of these or any other objects,when each one of thosze
objects ic of low quality ?
That is why it is hecessary to agree on establishing legitimate quantitative eva.
luations of the quality of realy made goods,

“hat indices can there be ? Unfortunately,nothing is clear in this problem. This
problem has nover been under considersticn, This problem is also being weighed in
foreign literature, however, evidently, there is no a;reement there either,

What qual itative characteristics are being discussed ?
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Taey differ in meny branches of our industry: service lifs, accuracy, vear resis.
tance, heat resistance, anticcrrosion property etc. Rollability- [robability of retain.
ing the emumayated qualitatiwve characteristics for a certain period of time, Ig is a
generalized statisticel,qualitative index, which gives a ready evaluation c¢f many
qualities of items,

The first objective indicatiocn of quality of good‘a can be the coefficient of re-
liability -~ nunber, smaller than omne, expressing the probsbility of proper operation
of the object for a given period of time under given ccnditions, We shall call it
coefficient Ky,

We will ass@e that we have to execute 2 job in 100 kw/hr, This job should be
completed within 20 hrs, It is evident, that if an absplutely reliable 5 kw capacity
machine would be used, it will complete this job within 20 krs, But let us assums,
that the reliability coefficient of the available 5 kw machines is less than unity
end equalling for exampled.5. Then one such machine, will probsbly, v;ark correctly
for only 10 gours of the 20 and will carry out within 20 hrs the useful ope- |
ration in 50 kwehr, Then one such machine will be capable of executing the required
orerat ion not within 20 but within 40 hrs, or it is necessary to use two such mchines,

which carry out the work in 100 kw~hr within 20 hrs..

Since the consumption of energy is conncected with monetary expenditure, then the
operation of nonrelisble machines requires greater expenditures, I{ is clear from
this simple example what the operation of unreliable machines can afford to do away with;
(and actually does away with)e |

But ‘0 evaluate the quality of an item with one reliability coefficient is in-
possible, We will assume, that the orderer knows for certain, that at present time
the level of develomment of technology is such that the mechine gr object of definite
type is capable of meeting certain definite requirements, The indices characterizing

the objectycan de entirely different depending uroa what we are spesking about,
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It can be the price, or power for given price, or weight,or service life,or the adove

discussed r«lisdility coefficient

Illustrations Some high-minded cornstrue= Illustrations Power of three machines is

tors would prsfer making machines in the identical,way then does cne of them give

spirit of a stone axe theavy ,out reliadble., as much production as the two remaining
ones ?ecause of a pair of machines,the

These indices characterize objectively reliability of which is 50%, one is always
’ in repeir, -

the level of development of the given branch

of technology.

It is possible and, unfortunately, highly probable, that the user, if he is not
materially interested in the sesle and manufacture of absoclutely high quality products,
ccrresponding to the present day level of development of technology, if he wants to
work with a certain coefficient of reinsuranco, finally if he is totally conscientious
and honest, he will refuse to fulfill the reqguirements placed by the orderer and will
agree to £ill the order only with certain reduced qualities,

What is obtained then! By confering an agreemsnt is reached, and the order is
accepted not in conformity with the basic requirements of the orderer,but with reduced
qualities, We will cell the ratio of adopted characteristies to the possible coef-

ficient of conformity. We desigoate it by Ky, It is apparemt,that K; is also smmller
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than one, This index may characterize, if ccavenient, also the probability,of fixing
the order for the given item with indices,corresponding to modern technicel possidil-
1ties,

It is further possitle to repeat all deliberations,pertaining to the reliability
coefficient, The result will be the same, Settle for & conprouise when handling out
the order will be the orderer, and the comproaxise will then de greater when the Kz
coefficient is lower,

The mentioned indices K) and Ky characterize the operationsl reliability of the
object,having lower than possible characteristics,
But this is still not all, It is known, that any object can work properly for

&
a given period of time but only under conditions,that it will be periodically repaired.

We will not detail the problem a; on what periodic repair is required,ve are
only interested in the fact, that in the time of its life,i.e.to total wear and
thrown into serap, the object 3hould be idling for a definite period of time, It means
that ve .ahonld introduce 8till another coefficient Ka.which we will call the coeffi-~
cient of utilization (at times it is also called the coefficient of reediness),.

It 4s apparent, that KB does not coincide with the reliability coefficient Kj,
For exampls, the electronig ccmputer can function with a reliability coefficient
K; = 0,98 and with the utilizatior coefficient. K3 = 0.8,

The cbject can either be in operation or in repair,or "relax",But as long as

it works it does so with a reliability coefficient Kj,The selection of K) and Kj in-
dices depends upon many causes, There are cases that it is necessary to have an in-
strument working with very great reliability,but for a short period of time, It may
be that high reliability is needed for a very long period of time, But at times there
is ng need that the reliability coefficient should be very highj the important thing
is chly, that the object should serve for a possibly long periocd of time of its eatire
service life,

The utilization coefficlient characterizes also, as said before, to a certain
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extent the probability of the item's readiness to work at each moment of time,

iiow we are ready to introduce a certain objective quantitative index of product
quality, It equals the product of the three above menticn characteristics,or coef-
ficients, Ve will call i* quality coefficient or coefficient of item's effectiveness:
K= K KpuKge

It i2 evident,that the closer the effectiveness coefficient of the ftem iz to one
..e more will it satisfy its designation, ¢

*Theary of Errors®

Speaxing to the point, the tendency of assuring reliability in human blcod.But
this noble effort played a decisive role for our far off predecessorse

The fact iswwhy in the process of evolution in the development of the living world
man has outlived and surmounted everything ?Because, he camitted less errors,than
his rivals, Those who erred perished in the merciless struggle for existeace. They
perished either because they themselves cormitted errcrs,or because of the errcrs of
nature which took away from them the properties and signs,which were necessary for
the purpose of surviﬂng in a difficult situation,created by the ocuter medium and .
human society., Survived have the best adapted, who comuitted lesser errors, acting
with greater purpose and more reliably,

By what is characteristic the entire activity of xrn, adapting himself to the
conditions of the medium surrounding him and to ths conditioms,who has survived in
the struggle for existence? He observedyhe made guessing movementsyccllected infor.
mation about attained results,guessing he tock in his hends a stone,stick or other
cbject and unexpectedly for himself he discovered and memorized, that these objects
may be useful, i,e. he generalized his randon acquired experience, And so man began
thinking systematically,. dis friends or eneries,who either did not meke these random

movements,or accidentally did not think analytically,perishcd, and he survived,

and others survived,wvho pulled ocut the lucky lotery ticket, If these valu.
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able properties have been. transmitted to genoratious following,then they too survivec
in the process of natural cholce,

Some pecple accidentally (since they still did not have a definite purpose) dis.
(%g 4 the advisability (usefulncss) of the structure of their hanis and understood
the desirability of reproducing their movements in simple mechunisres, The more cue
rious ones discovered, that there are forces of nature, which cau be helpful or dis.
ruptive, For examplo, water must be drunk tc quench thirst, but it can also move a

water wheel,

Illustrations No imitations but matural things led cur predecessor
to the develomment of en oven, boat, clothing,

It is assumed that the Earth exists 3-4 billion ycars, that 1ifs ia most prim.-
jtive form was originated about 1,5 = 2 billion years ago, that human-like ronkeys
developed about a million years ago, and man in its resent day form exists for abomt
50«70 thousand years, that approximately 40 thousanl years ago he discovored that <
water and air can be utilized for the driving of his simple machines, But this dbe- %
not moan,that he had then already his first water driven flour mill, This toock many
a thousabd of yearse It is known that § thousand years ago he was capable of doing it
although in a very rimitive vay,.
Muan degan using fire about 20=30 thousand years ago,but he uced it in role of

a source for heating water and to obtain steam (the existence of which he has nos
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raviously surmised) only several hundred years agoe
The entire history of man's evolution - a continucus iritaticn of nature, contin.
ucus sonversicn (transforaation) of the random into necessarye Securing the randcm
which was found to be useful for preservation of the species, and transmission of same,
in soms way or anothsr, to future generatiocns, That is how the humar brain was being
A-veloped, this genial creation of nature, material basis of reuson, sense and memory,
To have a head and brain of larger vclume man could not ellow himself,because
1e would have perished fram the nonconformity between the dinension of the head and
the necessity of saving himself fram danger together with his head with the aid of
legs and arms, In this volume has gradually developed a system of ultraministureglight
and very reliably working nerve cells - neurons, They were found to be in the head
in great numbers - about 10-15 billion,
‘ But this brain served man good and bad,
In it vere born good and poor ideas, He created
. the tools of labor, mechanisms and ma-
chines to satisfy uxgnrsal requirementa,
he also created the tools of war,
Recardless of the position-moral, social
phylosophicals by .which we can evaluate or
criticize the arrangement and function of Illustrations Creating clectronic computers
constructors have involuntarily obtained
the brain,today it appears to us a total. a general similarity of the brain,It is
possible that it is necess.ry to search in
ly unattainable ideal in muny of its char. the brain for exaxples for components of
these machines ?
acteristics. One of the first cnes-its
ability tc function reliably with greater reserves,with miuimum loss of energy,utili-
2ing for this fantastiocally small overall dimensions anmd weight, Our dreams about
superminiature details and objects appears to be fer away fram it,which has been
attained by nature during a stretch of millio yoars,in the process of natural

choice and struggle for existence.
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The brain has no concentrated mechanical masscs and springs, individual capeci-
tors, inductances and resistances, there is no vacuum, It consistas of complex argsnie
slbunina substances, forning nerve tissues, It requiros twenty times more oxygen,
than the tissues of rmscles (per unit of weight); the basic source of energy for tho
brain tissue appear to be carbohydrates, particularly glucose, which it utilizes two time
more,than muscles, 7Ten billion neurons diffuse & power of about 10 w, 1.0.10'9 v
per ons neuron, In the cortex of the greater hemispheres of the brain -« in humans
it has a thickness of 2-5 mm-where the entire nervous activity of man is centered,

(tha entire higher nervous activity of man), The basic processes characterizing same

= processes of excitation and inhibition, All these processes are connected with the

existence of biocurrents in the brain, which can be detectsd .booutodlbnd analyzed.
Although our data about the structure, composition and functions of the brain are

at present tm‘still far from camplete and in( many instemces appear to be guesses,

the fact of what we know forces us to be surprised by the expediency of its arrangement,

And yet such a brain functions slowly and thia does not accomodate us, It has
an insufficient memory volume and the unpleasant ability of forgetting what is necessary..
It fatigues and stands no overloads, overwork and food deficiency. It does absolutely
not endure vibrations and impects,damages by dreadful pathological changes which can
cause great losses to its owner and the surroundings, '

That is why man decided to correct some of his deficienciese Simple functions

of the brain have been transplanted to electronic camputersy the basic advantage .et
which = rapidity of action. But they are basically inferior to the brain since they
work unreliably,requiring continucus and repeated checking of the omttm..
and this results in greater loss in tims end considerable reduction in rate of opes.
ation,

Creating electronic machines,man is learning from nature, Jjust as he learned

from it to create equipment and tools of physical labor. But the brain is infinitely
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more comzlex than arms and legs, and its modeling is at the very early stages,
Froblems of *Moles Electronics ®

Unwillingly the idea comes ups could we not borrow from the braim its atructure?
Since all processes taking place in tho brain,-are electrical processes sccompanying
or combined with chemical and mechanical,is it not possible in technology to utilize °
¢lements of the systenmy,having, like brain cells, & simultaneous capacitance,inductance

and resistance and varying these parameters in conforaity with needl

And is it possible to do away generally with individual elements?! It is poscidble,
that it is permissible to use monolithic dblocks of materials,each cne of which will
execute a8 definite function of a unit of a radio electronic apparatus{ It appears,
that such a field of clectronics has already acquired a certain initial development,
It is called "Molecular Electronics ®, or "Molelectronics®. It has the task of creating
such a molecular structure of the substeance, which would assure the propertiesg,neces-

ssary for controlling a stream of charged particles for the purjose of attaining

the necessary results, |

Ultra pure crystals of semiconductors (1 atom of admixture per 10 billion atoms
of matter) can be processed so *hat they will contain ‘smll amounts of necessary
chemisal admixtures and structural anomelies, The elcctric capacitances,inductances,
resistances are replaced here by concepts of electronic spins, cnergy fields and
electric interchanges, All these ideas,although well known to engineers,are unmaccus-
tomed to thems |

Research in this direction is already underway., It is kuown that the Westinghouse
Ca is germinating lignecus germaniun crystals - thin hcmogeneous strips instead of
round bers, Functional units of the apparatus have been created in form of monolithie
cerrenium blocks = light telemetering amplifier with a volume of 0,015 o3 using only
one elemsnt instead of fourteen in an crdinary transistor amplifieyr; created was a
cnerator with a rulse repetition frequency of fram 10 to 100 ke and pulse duration

of up to 1 microseees In this is al:»> busily engaped another Americal camp,craating
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80 called .'nonouthie schemes® by deposition, pickling end diffusion; created were
a diode, trensistor, resistance and capacitaace frum cne ;iece of silicom, 3y such
nethods bave already been produced rultividbrator and heterodyne with phase Jisplace-
ment,

The experimentel rultivibrator occupies a volume of 0,016 ex’ nnd weighs 0,92 g,
An improbably high density of arrenging details - cf the magnitude of 1200 pieces per
1 ¢l has been attained, I will say for ccupariscn, that ic a coaventicnal upparatus
this density is thousands of times craller, All these investipaticns are still in
initial stage but they do deserve the mogt dilipent attenticm because their purpose
is to increase the reliability, reduce losses duo to diffusion snd to increase the
nupber of functicnal units per undt of volumee

I cannot discuss other invectigations and ideas in the field of micraminiatu-
rizaticn, but it is well known, that they are carried on,on a .broad. front in many
countries and may open a ncw era in radioelectronicse

Thare can be no doubt that thece investigations and idecas are already begianing
to penetrate into practice and they deserve most diligent attenfion. But I am convinced

thet they caniot be cerried out by the hoamemade method,groups,cobsisting of several
ral fenatics end eathusiasts, This is {he not commenced margin of the work, & rich
field for the applicaticn of forces and telents, Together with the existing groups
should also be trained others, which 1ust be solidly provided with most qualified
cadres of chermists, setallurgists, crystallograzhers, physicists, radio experts and
techaologists., FParticularly favorable conditions for their working must be provided
and the most diligen+ttention must be paid to it,

A Friend is Appreciated in Need

We would 1ike to discuss here still another highly important problem « reljability
of ran's work, More precise, the reliability of combined work of zan and oDachine,
This problem origirates in counection with the fact that there is a baseless idea

of replacing man with autcmat in the age of automation,

FTD=TT-63=40/1 11



The lfact is that only pertial substitution does take place, but much mare important
is the fect, thut under new ccnditioas the man working cn autarated systems it ccafronted
by new requirements,
If in times past, when physical labor was replaced by the work of machines, originsted
a problem of corbined operation of man and mchine, then now comes up the problem of
bined operation of man and automat. This problem is not sufficicntly bothering
‘1bor physiologists and psychologists, It is possible that under new ccnditions they
‘orget about the limited psychie rossibilities of man,working in a complex system,
furoed by machines, mechanisms, autcomats and living peoples Min i3 capable with the
aid of his organs of sense and brain to perceive, store and transform a linited -amount
of inxormtion per unit of time, If this boundary is exceeded, man can no loanger orient
himself in a situation tco difficult for him,

Insufficient leerning the psychic rossibilitles of man becames particularly dens
cercus, when in the automated system occurs a certein misunderstanding, And such une
rleasant things do scmetimes hm} up, because in a cwnplex system the conbiration of
cperating devices will sametimes suffer a breek down, and this will ceuse a chain re-
action of misunderstandirgs, In such a difficult situation men should crient himself
rapidly, he should take part in the control and restore normel operation of the system,

Unfortunstely autamation is often figured
only for ®normal * operation and for proper
actior of all links and stops by itself when
suffering demage,i.eoit happens namely then
when it is expected to bring maximua use,
During the stoppage of automatic installations
are possible losses, by meay times exceeding

Illustrations the tims will come when re the advantages frum its rroper operation
peir of autamats will beccme so difficult
that man will not be able to work in it, within a long period of time, lioone seems

The tasks will have to be carried out by
themselves,

FTD=TT-63=40/1 12



to think about and it is not taken into considerutiom when plenning aa sutoatie sys-

tem,
That is why it is necessary to figure reliable operation of *man-sutomat® systen

Rot only when the achivements develop narmally,but meinly for the case, when man has
to say fast,vhat measures should be taken in case of operaticnal failurea of the auto-
Tuted process. This field of cumbined operatiom of lubor psychology specialists and
autcmation specialists, The investigations in this direction should be developed rap-
1d1ly,otherwise we will not be able to prevent many misunderstandings which, will
originate, no doubt, if they will arpear to be unexpected,

All the things said here pertain to the field of reliabdbility of man vorking un-
der difficult conditions, Unfortuiately this problem does not attract due attention,
in any event, in many branches of imdustry and transpartation. It is cnocugh to mentiom,
that at present time in our country are engeoged 100 thousand sﬁ;tchmn. tens of thousands
of telephone operators at city and intercity stations, iAnd how many are working on
complex operations of qualified specialists: in cities and in villages are working
hundreds of thousands of doctors, diagnosticians. But nobody systematizes the nume.
rical quality indications of their wark,particularly reliasbility qualities of their
work under simple and difficult conditions, Technical progress frees man from heavy
physical labor and places mich stricter requirements to fatiguing labor, to reliability
o_f action of man under new conditionse

In solving the problem of relisbility there is a multitude of difficult theoretica#
strictly scientific problems. Their salutiocn 1ies in the hands of cutstanding mathe.
maticians only, Included here are, e,gelroblem of constructing a ccmplex system,bav.

ing much higher reliability,than its component elements, this is a problem of cresting
a relisble system of legs reliable elemsnts. On this problem are working for many

years our mathematicians and enginura, as well as outstanding scientists of the Vest,
This alsc takes in the prodblem of reliadle cohtrol over a complex system of industrisl

relations, This includes the problem of creating analogues, models and rules,describ.
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ing in a somewhat abbreviated farm a conplex systemywhich must be reliabdbly controle

led, ,
These problems should be solved by Institutions of the Academy of Sciences USSR,

academies of sciences of allied rejudblics, high educstional institutions snd leading
industrial institutions,

In this vay, I declare the necessity of chaaging over from general qualitative

luation of new tecpniquo to accurate qualitative indices,which should be founded
1nd legalized, These indices should figuvre in plans for the development of new techno-
-0gys Among these a leading place should be taken up by the reliability index of items,

It is necessary ito raise the responsibility for the manufacture of nonqualitative
products, and perticularly unreliable items,

It is necessary to assure combined operation of constructors, technologists and
psychologists to assure normal performange of "man-automat * system not only during
proper (correct) state of the system,but especially in case of functiomal failure,

One of the points of the resolution of the July session of the central comdttes
of the ccrmmunist party USSR reads: The session of the central cormittee of the comm-
nist party and the soviet of ministers of allied republics calls upon the parties,
sovnarkhozes (ccops) and departments to raise the responsibility of plant aupervisors,
ccnstruction bureaus, scientificeresearch and rlanning organizations, upon all engi-
neers~technical workers tc raise the quality level of projects, construction of ma-
chines and equipment, technological procesSses,to improve the quality of manufactured
products and epend its assortment, to raise industrial culture, It is necessary to
cerry on a decisive battle for the honor of irdustrial irade mark, against any kind
of deviations from the technological conditions and violation of technical conditions®,

These words inspire all people of labor and our famous youth in first place,The
struggle to increase the quality and reliability of goodsea struggle for a better
future of our entire country, for its technical progress,Young people should be in
first lines also on this front,
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